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Motivation/new data

e Old story ...
o New data from the LHC, new methodology (ATLAS notes 2015)

o Longitudinally-extended source model

Goal: understand key elements from an analytic model
anatomy of the correlations
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3-stage approach

B C F
777 7 7777
s-initial sources 7777~
J YA A

initial

dynamics

. ‘]‘t‘ I * It e © 9

N -initial partons ®e
s ® p Lo ? | e
hydro-
dynamics
e
h-density of fluid
o oe |
statistical
hadronization
e e Te ® o] se00,
*% o n-final hadrons |,
3 ° e ¢
|l o % |

Generation and propagation of e-by-e fluctuations, ng — n
3/ 19

W. Broniowski (IFJ PAN & UJK) Rapidity fluctuations



New data

(N (11,m2)) S(n1,m2)
C(m, = =
Omm) = N ) (N~ Blonw,me)
__Cln,n2) _ / B
CN(U17772) - Cp(nl)cp(n2)7 Cp(nl) - anC(nth)a CP(”?) —
11 and 72 — pseudorapidities of different hadrons
pT >0.5 GeV ATLAS  Preliminary

\S=2.76 TeV, Pb+Pb

Centrality
65-70%

Centrality 7
20-25%
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Rapidity-extended source model

«— B A—

(N(m)N(n2)) = (Na)y(fa(m,n2)) + (Na(Na —1))(fa(m))(fa(ne))
+ (Np){(fB(n1,m2)) + (NB(NB — 1))(fB(M)){(fB(12))
_I_

(NaNg) [(fa(m))(fB(m2)) + (fB(m)){(fa(n2))]
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Rapidity-extended source model
+ B A—

(N(m)N(12)) = (Najeova(n,nz) + (NZ){fa(m))(fa(i2))

+ (NaNg) [(fa(m))(fB(m2)) + (fB(m)){(fa(n2))]

Production is independent/uncorrelated, unless from the same source.
However, even if cov4 g(n1,12) = 0 we have nontrivial C(n1,72) from the
fluctuation of numbers of sources N4 and Np
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Rapidity-extended source model
Average number of particles:

(N(n)) = (Na)(fa(n)) + (Np){fB(n))
Symmetric and antisymmetric parts (see next slide):

(fa(m)) = fs() + fa(), (fB(N)) = fs(n) — fa(n)

After elementary transformations

1
(N (N(m)) ™
{(Na)cova(m,me) + (Np)covp (nm, m2)
+ var(Na + Ng)fs(m) fs(n2) + var(Na — Ng) fa(m) fa(n2)
+ [var(Na) = var(Ng)] [fo(n) far2) + falm) fu(ne)] |

C(m,m2) = 1+
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Biatas-Czyz triangles
Charged hadron spectra in d+Au @ RHIC [Biatas+Czyz 2004]
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Asymmetric profiles used ever since . ..
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Observation by Bzdak and Teaney

Vanishing covariance, symmetric system, profiles from the previous slide:

(Na) = (NB), var(Na) =var(Ng), Nw = Na+ Np
Then

1 m 12
C(m, =1+ var(Nw ) + var(N4 — Ng)——
(m1,m2) N2 (Nw) ( B)yb "

[Bzdak+Teaney 2013]

Fluctuations of Ny vs Np cause the 7179 structure in C'(n1,72)
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Fluctuating length

@ Idea: entropy deposition from wounded nucleons originates from string-like
objects whose other end-point is randomly distributed in n (related to
[Brodsky+Gunion+Kuhn 1977])

@ String fragmentation

@ "Soft particle production in hadronic collisions is dominated by multiple gluon
exchanges between partons from the colliding hadrons, followed by radiation
of ... partons distributed uniformly in rapidity” [Biatas+Jezabek 2004]

@ Torque in p-A collisions (see talk by PB) [PB+WB, arXiv:1506.02817]
@ Similar ideas in [Monnai+Schenke, arXiv:1509.04103]

@ Built-in into existing models/codes 10f  Pb+Pb20-30%
5F —_— ]
= —_—
E o} ]
e.g., HUING [L.-G. Pang, QM2015]: _10l

-8-6-4-20 2 4 6 8
Ns
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What it yields?

fatiy) =0y <n<w), fe(my)=0(-y <n<-y)
(uniform string fragmentation function)
Random end y is uniformly selected from [—yp, ys], where y; is the beam rapidity
Averaging over y — “triangles™

Yv d + -
(fa,s(n) = / QTijfA,B(n? y) = % —
—Yb e

Correlations from length fluctuations:

Yv

yp £ min(ny, 7
<fA,B(T]1,T]2)> = / dyfA,B(n1§y)fA,B(772;y) — I’Zylf}llz)
Y

Yi — mn2 = Yol — 2]
dy;

covap(n,n) =
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Fluctuating strength

An additional ingredient:

falmy) =wbly <n <), [e(ny) =wd(—y <n<-y)
w — random strength of the source

(included in models to increase multiplicity fluctuations)

Also known as overlaid distribution

(we use o(w)/(w) =1 on top of fluctuating length)
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Results for C
0(771,772)

C(n,n2) = —
’ dpn Y d
-y 2_71]/1 -y 7@/20(771,772)

(normalization to 1)

C(m,n2) Pb+Pb@2.76TeV, 0-10%

[ no length fluct.
[ with length fluct.

Generation of the ridge (structure from —|n; — 12)
Fluctuating length essential
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Results for C
0(771,772)

C(n,n2) = —
’ dpn Y d
—Y2_¥/1 —Y?nyz (1715 m2)

(normalization to 1)

C(m,n2) Pb+Pb@2.76TeV, 60-70%

[1 no length fluct.
[ with length fluct.

Generation of the ridge (structure from —|n; — 12)
Fluctuating length essential
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Results for Cy

Cn(m,1m2)
C’N(7717772)_> Y dyg Y d—TQC (
—y 2y Joy 2v YN M1, 72)

(normalization to 1)

Cn(n,m2) Pb+Pb@2.76TeV, 0-10%

[] no length fluct.
[ with length fluct.

Generation of the saddle in the ridge (seen in experiment) is trivial
Fluctuating length essential
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Results for Cy

Cn(m,1m2)
C’N(7717772)_> Y dyg Y d—TQC (
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(normalization to 1)
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Results for Cy
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apm coefficients

- L o ()2 (2)

2 1
T.(z) = n2+ P,(z) [Bzdak+Teaney 2013, Jia 2015]

(play analogous role to flow coefficients in harmonic flow)

var(Na—Npg) var(w) var(w) var(w)
Upn = Now) - {w)” Y2 nl — )2 i 1’Y725n1 + (w>2 1 X
12{Nw) y2 6(Nw) 3 (2n —1)(2n + 3)(Nw) yp
var(w)
w7 11 Y
Appto = — Ok —  (length fluct.)

(2n +3)\/(2n + 1)(2n + 5)(Nw) Yp

other =0 (only with C'(n1,12)), anm ~ 1/(Nw), fall-off with n
— qualitatively as in experiment
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Results for a,,, (from Cy)

—— w/ length fluct.
0.05F /leng
no length fluct.
© 0.02 -
0.01+

0 50 100 150 200 250 300 350

Nw
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Results for a,,, (from Cy)

0.100+ .

0.050

Anm

0.010+

0.005 , . . I
0 100 200 300 400

Nw

Exp. ~ N7, model: ~ N, %5 (newest ATLAS analysis shows ~ Nc_ho'5,
N, — number of observed charged hadrons)
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Results for a,,, (from Cy)

0.100+ .

0.050 -

Anm

0.010+

00056, . . . .o ]
0 100 200 300 400

Nw

Exp. ~ N, *7, model: ~ N;%° (newest ATLAS analysis shows ~ N0,
N, — number of observed charged hadrons)

Need linear response from Nygurces t0 Nep!
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From initial state to final hadrons

@ 1g — 1, some extra hydro push — reduction of a,,

@ resonance decays — relevant effect [PB+WB+A. Olszewski 2015] —
increase

@ charge conservation, other correlations — not included

@ removal of the short-range effects (discussed in a while)
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From initial state to final hadrons

@ 1g — 1, some extra hydro push — reduction of a,,

@ resonance decays — relevant effect [PB+WB+A. Olszewski 2015] —
increase

@ charge conservation, other correlations — not included

@ removal of the short-range effects (discussed in a while)

Hydro (no length fluctuations included here):

Cy (nl, ”2) ¢=30-40%

=W 4"—‘\"‘—‘
== NS

=
T =
S \\"”,‘ 7 ‘3\ < s
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(pm Tfrom hydro

1.000 F E
0.500 | (a) m TORQUE 9
‘ ® OVERSAMPLED
& ATLAS
~ 0100 W q
& "Q
C 0050 @ EPe 1
S o n oo .
(] s ¢ o
0.010 | * o =
0.005 | L] ° ]
‘ ‘ ‘ o
0 100 200 300 400
N part

(anGm) = apm, “torque"=our model without length fluct.,

“oversampled’=no resonance decays
About 50% of /a1 from resonances!
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(pm Tfrom hydro

1,000 F ‘ ‘ 3
0500 - (b) hydro 3+1D
Pb+Pb@2.76 TeV
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(anam) = anm, "torque"=our model without length fluct.,
“oversampled”=no resonance decays
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Removing the short-range defects

Rather involved experimental procedure, which gets rid of correlations
shorter that ~ 1 unit in 1y — 72

ATLAS Preliminary = ATLAS
7% 1.002F hL|<04 ‘ Prelim.
) Q Pb+Pb
} 1.00: 1 ]
% .98}
0.996}
5 0 5
n.
Removes resonances, jets, ..., some of the source fluctuations

After the procedure only a1 survives in exp., other =0 (do not throw out
the baby with the bath water!)

[t should be carried out in a model simulation
WPCF'15 18 / 19
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Cn-length fl. part, 20-30%
JAN

Removes resonances, jets, ..., some of the source fluctuations
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Conclusions

e Data: need for extra longitudinal fluctuations in the initial state (see
also the talk by Piotr Bozek, torque in p+Pb)
@ No collectivity, no flow needed — robust analysis

@ Anatomy:
o Early stage: N4 vs Np fluctuations, strength fluctuations,

length fluctuations
o Late stage: resonance decays (large effect), conservation laws

e Many sources required, 1/N effect
@ 1/v/Ng, scaling of (/a7 — linear relation between Nyources and Nep,

@ Intricate procedures: C' — Cy, normalization, removing short-range
correlations — necessary in modeling for 1-1 comparisons
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